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Abstract 
Background — The present study was conducted to investigate the chemopreventive ef-
fects of garlic extract and silymarin on N-nitrosodiethylamine (NDEA) and carbon tetra-
chloride (CCl4)-induced hepatotoxicity in male albino rats. Methods and Results — Ani-
mals were pretreated with garlic, silymarin or both for one week prior to the injection of 
NDEA. Then animals received a single injection of NDEA followed by weekly subcutaneous 
injections of CCl4 for 6 weeks. Oral administration was then continued along with the in-
jection of CCl4 for the duration of the experiment. Serum aspartate transaminase (AST), 
alanine transaminase (ALT), alkaline phosphatase (ALP), hepatic lipid peroxidation (LPO), 
superoxide dismutase (SOD), reduced glutathione (GSH), glutathione-S-transferase (GST) 
and glutathione reductase (GSR) were measured. Injection of NDEA induced a significant 
elevation in serum AST, ALT and ALP. In the liver, NDEA increased oxidative stress through 
the increase in LPO and decrease in SOD, and GSH-dependent enzymes. Although admini-
stration of garlic or silymarin significantly reduced the liver toxicity, combined administration 
was more effective in preventing the development of hepatotoxicity. Conclusion — These 
novel findings suggest that silymarin and garlic have a synergistic effect, and could be used as 
hepatoprotective agents against hepatotoxicity. 
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Introduction 
Hepatocarcinoma is considered the fifth most 
common pathology worldwide and the most common 
type of liver cancer, representing up to 83% of all 
cases. Hepatitis viral infection, food additives, alco-
hol, fungal toxins (aflatoxins), toxic industrial chemi-
cals, air and water pollutants are the major risk factors 
of liver toxicity (1), (2). 
N-Nitrosodiethylamine (NDEA) is an N-nitroso 
alkyl compound described as an effective hepatotoxin 
and hepatotoxic in experimental animals, producing 
toxicity after repeated administration (3). NDEA is 
found in a wide variety of foods such as cheese, soy-
beans, smoked, salted and dried fish, cured meat and 
alcoholic beverages (4). Metabolism of certain thera-Int. J. Biol. Sci. 2009, 5 
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peutic drugs is also reported to produce 
N-nitrosodiethylamine (5). NDEA became metaboli-
cally active by the action of cytochrome p450 enzymes 
to produce reactive electrophiles, which increase 
oxidative stress level leading to cytotoxicity, 
mutagenecity and carcinogenicity (6). Oxidative stress 
is considered as critical mechanism contributing to 
NDEA-induced hepatotoxicity, and the use of anti-
oxidant agents reduced liver damage (7).  
Garlic,  Allium sativum, is a member of the lily 
family that has been cultivated by humans as a food 
plant for over 10,000 years. Ancient Egyptian records 
mentioned that use of garlic as a remedy for a variety 
of diseases (8). Recently, it has been found that the 
sulfur-containing compounds of garlic have 
anti-mutagenesis and anti-carcinogenesis effects. In 
vivo studies show that garlic and its associated sulfur 
components suppress the incidence of tumors in ro-
dent models (9), (10), (11). Epidemiological findings 
also demonstrated an inverse relationship between 
garlic consumption and the incidence of stomach, 
colorectal and prostate cancer (12), (13), (14). 
Silymarin, a standardized extract obtained from 
seeds of Silybum marianum, is widely used in treat-
ment of liver diseases of varying origins (15). Seeds of 
S. marianum have been shown to treat liver and gall 
bladder disorders, including hepatitis, cirrhosis and 
jaundice and to protect the liver against poisoning 
from chemicals, environmental toxins, snake bites, 
insect stings, mushroom poisoning and alcohols (16). 
Due to its proven hepatoprotective and antioxidant 
properties, silymarin is being used in the current 
study as a standard agent for comparison with garlic 
on hepatoprotective effects (17). In the present study, 
we determine the mechanism of protective effect of 
garlic and silymarin in combination on hepatotoxicity 
induced by NDEA. 
Materials and Methods 
Chemicals 
N-nitrosodiethylamine (NDEA), Elman's reagent 
[5,5`-dithiobis-(2-nitrobenzoic 
acid],1-chloro-2,4-dinitrobenzene, Oxidized glu-
tathione (GSSG), NADPH, nitroblue tetrazolium and 
phenazine methosulpha were purchased from 
Sigma-Aldrich. Silymarin was supplied by CID Co. 
(Cairo, Egypt). The colorimetric aspartate transami-
nase (AST), alanine transaminase (ALT), and alkaline 
phosphatase (ALP) nitric oxide assay kits were pro-
vided by Biodiagnostic Co. (Cairo, Egypt). 
Preparation of Garlic Extract 
Garlic extract was prepared by homogenizing 
the required amount of dehusked cloves of garlic in 
an appropriate volume of distilled water to prepare a 
concentration of 20 mg/ml (18). The homogenate was 
centrifuged at 3000 x g for 10 minutes to remove par-
ticulate matter and the supernatant fraction was used 
for the experiment. Garlic extract is composed of dif-
ferent beneficial molecules, especially antioxidants 
and disulfide. 
Experimental design and biochemical analyses  
One hundred and sixty male rats weighing 
100-150 g (10 weeks old) were obtained from the 
Animal House Colony of the National Cancer Insti-
tute, Cairo University, Egypt. The animals were 
maintained on standard laboratory diet and water ad 
libitum. All animals received professional humane 
care in compliance with the guidelines of the Ethical 
Committee of Medical Research of National Cancer 
Institute, Cairo University, Egypt. After one week, 
animals were divided into eight groups with 20 rats 
each. Group 1 (control) was orally administered 1ml 
corn oil/rat for 3 months. Group 2 received 20 
mg/Kg/day of garlic for 3 months by gavage ac-
cording to Samaranayake et al (19). Group 3 received 
50 mg/Kg/day Silymarin in corn oil (20) for 3 
months. Group 4 received garlic and silymarin in 
combination using the same previous doses for 3 
months. Group 5 received a single i.p injection of 
N-nitrosodiethylamine (NDEA; 200 mg/kg b.wt) fol-
lowed by a weekly subcutaneous injection of CCl4 for 
6 weeks as reported by Sundaresan and Subramanian 
(21). Group 6 was pretreated with the same dose of 
garlic, group 7 was pretreated with silymarin, and 
group 8 with both garlic and silymarin in combina-
tion, for one week prior to NDEA injection. Oral ad-
ministration continued for all three pretreated groups, 
along with concomitant injection of CCl4 for the du-
ration of the experiment, 
Rats were then sacrificed at the end of treatment 
and blood samples were collected. Serum was then 
separated and stored at –70ºC. Liver was removed 
and divided into 2 pieces; one piece for biochemical 
studies and the second for histology and IHC. Serum 
AST and ALT were measured according to Reitman 
and Frankel (22). ALP was determined according to 
Belfield and Goldberg (23). Nitric oxide level (NO) in 
serum was measured according to the method de-
scribed by Berkels et al (24). Lipid peroxidation (LPO), 
SOD, GSH, glutathione reductase (GSR) and glu-
tathione-S-transferase (GST) were determined in the 
liver homogenate according to Esterbauer and 
Cheeseman (25), Niskikimi et al (26), Ellman (27), 
Zanetti (28) and Habig et al (29), respectively and 
protein concentration in the liver homogenate was 
determined according to Lowry et al (30).  Int. J. Biol. Sci. 2009, 5 
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Histology and Immunohistochemistry  
Fixed liver tissues were then embedded in par-
affin and sectioned to 5 µm thick. Ordinary Haema-
toxylin and eosin staining were used according to 
standard protocols. Sections were cut onto posi-
tive-charged slides and incubated with monoclonal 
anti-survivin antibody (1: 500) for 2 hours at 4ºC. The 
secondary antibody and the avidin-biotin complex 
were applied to sections. DAB was used as a chro-
mogen and sections were counterstained with 
Mayer's Hematoxylin. Sections with <5% positive 
cells were scored as negative (31). 
Flow cytometry  
Tissue samples were prepared by manual dis-
aggregation procedure. Briefly, a few drops of RPMI 
were added to tissue and then minced until complete 
tissue disaggregation was achieved. Suspended cells 
were filtered using a 50 µm pore size mesh and then 
centrifuged at 1000 rpm for 10 min. Cells were resus-
pended in PBS, counted and washed by calcium 
buffer then centrifuged at 1500 rpm for 5 min. Some 
cells were used to assess cell viability by trypan blue 
method. The pellet was resuspended and then cells 
were counted. Annexin-PI apoptotic assay was car-
ried out using IQP-120F Kit (IQ Products, 
Groningen, Netherlands). FAC scan Becton-Dickinson 
(BD) flow-cytometer was used and data were ana-
lyzed using cell Quest software. Peripheral human 
blood lymphocytes were used as a control for this 
study. 
Statistical analysis  
Data were presented as mean ± standard error 
(SE). The difference between groups was assessed 
using F-test (one way analysis of variance ANOVA) 
by MSTAT-C program, Version 4, USA.  
Results 
Protective effects of garlic extract and silymarin on 
NDEA-induced hepatotoxicity 
Our data revealed that the administration of 
NDEA induced a significant increase (P<0.01) in ALT, 
AST and ALP activity in serum as compared to con-
trol. Treatment with garlic or silymarin showed a sig-
nificant decrease in serum ALT, AST and ALP activity 
(P<0.01; Figure 1) induced by NDEA. The combina-
tion effect between garlic and silymarin was higher 
compared to garlic or silymarin alone (Figure 1).  
 
Figure 1. Effect of NDAE after garlic and silymarin treat-
ments on serum ALT, AST and ALP activity in male rats. 
Data are represented as percentage of change ± percentage 
of standard error. Significance change is calculated as 
*p<0.01 compared to untreated control and **p<0.01 
compared to NDEA-treated rats. NS: non-significant re-
sults. 
 
Effect of garlic and silymarin on NDEA-induced liver oxi-
dative stress  
NDEA injection showed a significant increase 
(P<0.01) in hepatic lipid peroxidation level (LPO) and 
serum nitric oxide (NO) compared to control group 
(Figure 2a & b). Rats that received garlic, silymarin or 
both showed a significant decrease (P<0.01) in serum 
NO induced by NDEA (Figure 2a). Hepatic LPO sig-
nificantly decreased (P<0.01) in NDEA-administrated 
rats treated with garlic or silymarin (Figure 2b). The 
effect of silymarin was greater than garlic, however 
the administration of both agents together showed a 
greatest improvement of LPO (Figure 2b).   
Furthermore, the injection of NDEA caused a 
significant decrease (P<0.01) in hepatic glutathione 
level (GSH), glutathione reductase (GSR), superoxide 
dismutase (SOD) and glutathione-S-transferase (GST) 
activity, compared to the control (Figure 3a & b). Gar-
lic or silymarin showed a significant increase (P<0.01) 
in hepatic GSH level and GSR, GST and SOD activity 
(Figure 3a & b). Moreover, the combination of garlic 
and silymarin was more significant compared to gar-
lic or silymarin alone (Figure 3a & b). 
 Int. J. Biol. Sci. 2009, 5 
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Figure 2. Effect of NDAE injection with garlic and silymarin treatments on serum nitric oxide (a) and liver lipid peroxidation 
(b). Data are represented as percentage of change ± percentage of standard error. Significance change is calculated as 
*p<0.01 compared to untreated control, **p<0.01 compared to NDEA-treated rats and ‡p<0.01 compared to NDEA with 
garlic or silymarin alone. NS: non-significant results. 
 
 
Figure 3. Effect of NDAE injection with garlic and silymarin treatments on hepatic glutathione (GSH) content and glu-
tathione reductase (GSR) activity (a), glutathione-S-transferase (GST) and superoxide dismutase (SOD) activity (b). Data are 
represented as percentage of change ± percentage of standard error. Significance change is calculated as *p<0.01 compared 
to untreated control, **p<0.01 compared to NDEA-treated rats and ‡p<0.01 compared to NDEA with garlic or silymarin 
alone. NS: non-significant results. 
 
 
 
 
Effect of garlic and silymarin on survivin expression and liver 
histology in NDEA-induced hepatotoxicity 
 There was no significant change of survivn ex-
pression between rats treated with garlic extract or 
silymarin or both compared to unretaed control rats 
(Figure 4). However, Survivin positive cells were de-
tected in (66.6%) of NDEA-treated rats, and then 
dramatically decreased in rats treated with garlic + 
NDEA (33.3%) or silymarin +NDEA (16.6%), respec-
tively (Figure 4). 
 
 
Figure 4. Effect of NDAE injection with garlic and silymarin 
treatments on survivin expression (Upper panel) and im-
munostaining (Lowe panel) in hepatic cells in rats. Data are Int. J. Biol. Sci. 2009, 5 
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represented as percentage of change ± percentage of 
standard error. Significance change is calculated as *p<0.01 
compared to untreated control, **p<0.01 compared to 
NDEA-treated rats and ‡p<0.01 compared to NDEA with 
garlic or silymarin alone. NS: non-significant results. 
 
Effect of garlic and silymarin on NDEA-induced cell 
apoptosis  
Flow cytometric analysis was performed to in-
vestigate the anti-apoptotic effects of garlic and sily-
marin on liver apoptosis cells induced by NDEA. 
Cells were dual-stained with Annexin V-FITC and 
propidium iodide (PI) (Figure 5a-e). The percentage of 
apoptotic cells in the liver of control, treated with 
garlic and/or silymarin was 12.41, 12.50, 12.54 and 
12.58 % respectively. In animals treated with NDEA, 
the percentage of apoptotic cells in the liver was de-
creased to 3.04% (Figure 5f) due to the increased re-
sistance to apoptosis related to the switch of cell from 
normal to cancer cells (Figure 5f). Interestingly, 
apoptosis was significantly increased in rats treated 
with garlic+NDEA, silymarin+NDEA and gar-
lic+silymarin+NDEA (19.03%, 28.05%, and 56.42% 
respectively (Figure 5f).  
Histological studies reveal that liver sections 
from control rats showed normal architecture, char-
acterized by polyhedral shaped hepatocytes and cy-
toplasm granulated with small uniform nuclei. 
Hepatocytes were arranged in well-organized hepatic 
cords and separated by narrow blood sinusoids. 
Animals treated with garlic and/or silymarin exhib-
ited normal architecture, indicating the non-toxic ef-
fect of garlic and silymarin (Figure 6a to d). In con-
trast, the liver sections of rat injected with NDEA 
showed loss of lobular architecture, fibrosis and fatty 
infiltration (Figure 6e). Also, the nuclei of many 
hepatocytes appeared malignant or have features of 
degenerating and dividing process (Figure 6f). 
The pretreatment of rats receiving NDEA with 
garlic or silymarin showed extended portal tract in-
filtrated with mononuclear inflammatory cells, less 
fibrosis, less disarrangement and degeneration of 
hepatocytes (Figure 6g & h). Furthermore, the com-
bination of garlic and silymarin showed minimal 
pleomorphism, vaculation and fibrosis compared to 
NDEA induced animals (Figure 6i). 
 
 
Figure 5. Flow cytometry shows the effect of garlic (c) and silymarin (d) or combinations (e) as hepatoprotective agents 
with NDEA treated (b) rats in comparison to control (a). Accumulative data (f) shows the percentage of apoptosis for 
NDEA-induced hepatotoxicity in rats and pretreated with garlic and silymarin. Significance change is calculated as *p<0.01 
compared to untreated control, **p<0.01 compared to NDEA-treated rats and ‡p<0.01 compared to NDEA with garlic or 
silymarin alone. NS: non-significant results. Int. J. Biol. Sci. 2009, 5 
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Figure 6. Histopathology of liver showing the normal architecture and cells with granulated cytoplasm and small uniform 
nuclei of control, garlic, silymarin or both of them, respectively liver (a-d) (HE X100). NDEA-treated rats show loss of 
architecture, fibrosis and fatty infiltration (e; X100 and f; X400) and magnified part shows malignant nuclei (X1000). Rats 
pretreated with garlic (g) or silymarin (h) or both (i) before injection of NDEA showing minimal pleomorphism, vaculation, 
fibrosis, less disarrangement and degeneration of hepatocytes (HE X 400). 
 
Discussion 
N-nitrosodiethylamine (NDEA) is a major envi-
ronmental carcinogen suggested to increase the gen-
eration of reactive oxygen species (ROS) resulting in 
oxidative stress and cellular injury (32). Since liver is 
the main site of NDEA metabolism, the production of 
ROS in the liver may be responsible for its carcino-
genic effects (33).   
In this study, we demonstrated that the injection 
of NDEA to rats lead to a marked elevation in the 
levels of serum AST, ALT and ALP which is indicative 
of hepatocellular damage, as previously reported (33). 
This elevation could potentially be attributed to the 
release of these enzymes from the cytoplasm into the 
blood circulation after rupture of the plasma mem-
brane and cellular damage. Serum AST, ALT and ALP 
are biomarkers in the diagnosis of hepatic damage 
because they are released into the circulation after 
cellular damage (34). Administration of garlic or 
silymarin, alone or in combination significantly re-
duced the activity of liver enzymes in NDEA induced 
rats as previously reported (35). Due to its ability to 
reduce free radical-induced oxidative damage in the 
liver(36), garlic extract has been shown to decrease 
liver enzymes in serum and prevent liver damage of 
rats with liver fibrosis (37). Silymarin prevents liver 
damage by maintaining the integrity of the plasma 
membrane, thereby suppressing the leakage of en-
zymes (35). 
NDEA is well known to generate free radicals, 
disturbing the antioxidant status and ultimately 
leading to oxidative stress and carcinogenesis (38). 
Lipid peroxidation plays an important role in car-
cinogenesis (39) and may lead to the formation of 
several toxic products, such as malondialdehyde 
(MDE) and 4-hydroxynonenal. These products can 
attack cellular targets including DNA, thereby in-
ducing mutagenecity and carcinogenicity (40). Re-
cently, the increase in lipid peroxidation was reported 
during NDEA-induced hepatocarcinogenesis (41). In 
line with this finding there was a significant increase 
in the level of lipid peroxidation in the liver of rats 
treated with NDEA. However, groups treated with 
garlic, silymarin or both displayed a significant re-
duction in lipid peroxidation when compared to 
animals treated with NDEA alone. The observed re-
duction in the level of lipid perioxidation in garlic Int. J. Biol. Sci. 2009, 5 
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treated animals was presumably due to its ability to 
scavenge the hydroxyl and peroxyl radicals (42). Also, 
it has been shown that aged garlic extract protects 
vascular endothelial cells from H2O2-induced oxida-
tive damage by inhibiting lipid peroxidation (43). 
Restoration in the levels of lipid peroxidation in 
groups treated with silymarin could be related to its 
ability to scavenge reactive oxygen species (44). 
Free radical scavenging enzymes such as super-
oxide dismutase (SOD) protect the biological systems 
from oxidative stress. The current study showed a 
significant decrease in SOD activity in rats treated 
with NDEA. On the other hand, there was a signifi-
cant increase in SOD activities in groups treated with 
garlic, silymarin, and combination. It has been re-
ported that administration of garlic and silymarin 
significantly decreased lipid peroxidation and in-
creased endogenous antioxidants, such as SOD, CAT, 
and GSH (45). Oxidative stress-induced tissue dam-
age can be prevented or ameliorated by favoring the 
balance towards a lower oxidative stress status. The 
present data show that injection of NDEA caused de-
pletion of GSH, which may be responsible for the in-
creased lipid peroxidation (33), (35). Treatment with 
garlic, silymarin, or both increased the GSH content in 
the liver compared to animals treated with NDEA 
alone. Arivazhaga et al (46) reported that rats treated 
with N-methyl-Ń-nitro-N-nitrosoguanidine as garlic 
extract increased GSH level. Since administration of 
aqueous garlic extract prevented the hepatic GSH 
depletion, it appears that the protective effect of garlic 
extract involves the maintenance of antioxidant ca-
pacity in protecting the hepatic tissue against oxida-
tive stress. Moreover, silymarin has been reported to 
maintain the GSH homeostasis in the system (20). This 
might be the reason for elevated glutathione levels 
observed during silymarin treatment.  
A significant decrease in the activity of GSH 
dependent enzymes, GST and GSR was observed in 
NDEA treated rats. This may be due to the decreased 
expression of these antioxidants during hepatocellular 
damage as previously described by Kweon et al (47). 
Administration of garlic and silymarin, alone or in 
combination, to NDEA induced rats significantly in-
creased the activity of GSR. This may be due to the 
reduction in DNA adduct formation by Se-enriched 
garlic (48) and to the inhibition of carcinogen-induced 
nuclear damage by sulfides in garlic (49). Our study 
shows that treatment with silymarin improved the 
activities of GSR and GST. This improvement may 
have resulted from changing the tissue redox system 
by scavenging the free radicals and improving the 
antioxidant status in the liver during NDEA hepato-
toxicity (35).  
The present study shows that serum NO level 
significantly increased in NDEA treated animals. It 
has been reported that elevated levels of lipid per-
oxidation stimulates host cells, mainly mono-
cytes/macrophages, to produce and release NO by 
induction of inducible nitric oxide synthase (iNOS) 
protein, resulting in cytotoxicity and DNA damage 
(50). In the view of the current data, garlic has been 
found to decrease serum NO level in rats injected with 
NDEA. The inhibitory effect of garlic and silymarin 
on NO is mainly due to the inhibition of the induction 
of iNOS protein/enzyme (51), (52).   
The results obtained from flow cytometry show 
a significant decrease in the percent of apoptotic cells 
in NDEA-induced hepatocellular carcinoma, which 
was reversed with garlic, silymarin, or their combina-
tion treatment. Combined administration of tomato 
and garlic significantly inhibited the development of 
hamster buccal pouch  carcinomas and induced 
apoptosis (53). This was evidenced by 
down-regulation of Bcl-2 and up-regulation of Bax, 
Bim, p53 and caspases 8 & 3. Also, lower expression of 
survivin was observed in rats pretreated with garlic, 
silymarin, or their combination when compared with 
the NDEA-treated group, as indicated also by several 
authors (53). Treatment with NDEA showed distinct 
alterations from untreated rats, such as loss of lobular 
architecture, fibrosis, fatty infiltration, and malignant 
nuclei as reported by Ramakrishnan et al (44). How-
ever, pretreatment with garlic, silymarin, or both with 
NDEA showed improvement in the histopathological 
features.  
From these observations it can be concluded that 
the combination of garlic and silymarin may suppress 
the formation of NDEA induced hepatotoxicity in rats 
by alleviating lipid peroxidation through scavenging 
of free radicals, or by enhancing the activity of anti-
oxidants. 
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